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Abstract. Slags containing valuable metals are second sources of metals they contain. 
The use of macadamia nutshells as reductant has not been investigated in the slag 
recycling industry. The current study investigates the use of raw macadamia nut shells 
in the recovery of valuable metals from copper slag. A copper slag, from a water-jacket 
furnace; containing copper, cobalt, iron and zinc has been used. Both the slag and raw 
macadamia nut shells were crushed and milled for characterization. XRF, XRD and 
SEM were used for characterization. The basicity of slag was increased through the 
addition of calcite. The slag, flux and nutshells were milled together to homogenise the 
feed. A graphite crucible was used as a container and placed in a tube furnace. 
Experiments were conducted at 1400oC and carbon monoxide was blown into the 
furnace to enhance the reducing atmosphere. The feed was kept at the set temperature 
for two hours and the furnace was switched off to slowly cool down to room 
temperature. The products were characterised using XRD, XRF and SEM. The results 
revealed that it is possible to use the macadamia nutshells in the slag recycling industry 
with attention to be paid at the final basicity for a better immiscibility of the final slag 
and the metal. A comparison of results obtained when the same slag was reduced using 
coke showed that, although the quality of the metal obtained using macadamia nutshells 
are not as good as when coke is used, there is great prospect in the future. 
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1 Introduction  
Slag today is considered as a source of a number of metals that are present in it and can be recovered 
using a number of techniques [1]. The recovery of copper from copper slag produced from different 
pyrometallurgy processes has been investigated using different techniques including hydrometallurgy. 
The influence of iron sulphide on copper, cobalt and nickel from a fayalite slag was studied. It was found 
that the addition of different reductants with or without fluxes being added had an influence on metal 
recovery [2]. A copper slag from reverberatory furnace was digested in sulfuric acid and distilled water 
at 250oC. It was observed that the recovery of copper was directly proportional to the amount of acid 
[3]. A similar study was conducted using bioleaching technique. It was found that iron combined with 
sulfur oxidizing bacteria have enhanced the recovery of Cu from the copper slag [4] The stirring 
conditions were also found to have an important influence in the settling of matte produced from a 
fayalitic slag during its reduction in an induction furnace. Coke pierce layers were used in the 
investigation [5]. Extraction of copper from a reverberatory furnace slag through sulphation followed 
by leaching. A recovery of more than 90%copper was achieved [6]. Although different techniques and 
processes have been used, raw macadamia nutshells have never been used as a reductant in the slag 
cleaning industry. The current investigation makes use of raw macadamia nutshells as a possible 
reductant in the copper slag cleaning field.  
2 Experimental 
The sample used in this experiment is from the Democratic Republic of Congo. The slag was collected 
from the water-jacket furnace. The sample was crushed and milled to -75 microns. XRD, XRF for 
chemical composition and SEM/EDS. The raw macadamia nutshells have also been sourced from the 
northern part of South Africa. On the macadamia, nitrogen, sulphur, oxygen and hydrogen wt% were 
determined using the ultimate analysis. Moisture content, volatiles matters, the fixed carbon as well as 
the ash content was conducted through proximate analysis, the remaining residue containing inorganic 
matters after combusting the sample were determined. Also, XRD and XRF as analytical techniques for 
the macadamia nutshells analysis. Two reduction experiments were conducted in this study. Two set of 
experiments were conducted in this study. With the aim to obtain a good homogeneous head sample, 
the slag was mixed with the required amount of macadamia nutshells and milled together. A graphite 
crucible was used for the experiments. The weight of the crucible was checked before and after the 
experiment to assess the reactivity of the crucible with the slag. The graphite crucible was placed into a 
silica crucible to prevent any possible spillages from any probable defection of the graphite crucible. A 
layer of raw macadamia was place at the bottom inside the crucible to limit the reaction between the 
sample and the crucible. The crucible was weighed before and after the experiment to assess the mass 
loss. A Lenton alumina tube furnace that was used in this experiment. The temperature was set at 1450oC 
under argon. After reaching the desired temperature, the sample was kept for one hour and the furnace 
was switched off keeping the gas flowing until room temperature. The product was weighed and 
characterized. 
 
Experimental set up 
 
  
2 Results and discussion 
 
2.1      Materials  
2.1.1   Copper slag. From the XRD spectra in figure 1 below, it is difficult to easily identify 
different phases that are present in the sample due to high amount of amorphous material. The 
decomposition of the spectra gave a clear indication of phases that are present in the copper slag used. 
 
Figure 1. XRD spectrum of the copper slag. 
 
Figure 2a. XRD spectrum of the copper slag /part 1. 
From Figure 2.a, it is observed that fayalite constitutes the major phase in the sample. Cobalt oxides, iron sulphide 
identified as pyrite, double oxide of magnesium and aluminum or aluminate spinel are also present. Hematite is 
also present in the sample. This might be attributed to most probably partial oxidation of magnetite during the 
process. 
Table 1. Proximate and ultimate analysis of the macadamia nutshells  
 Parameter 
 Proximate analysis Ultimate analysis   
Macada
mia 
nutshells 
Fixed C Volatiles Ash Moisture H2 N2 
 
 
C 
 
 
CV(MJ/kg) 
  
19.2 72.6 0.7 7.5 5.9 0.2
 
48.7 
 
18.5 
  
  
            *AR: As Received, CV: Calorific value, Fixed carbon by difference [100 - (Volatile matter + Moisture + Ash content)] 
From Table 1, the amount of fixed carbon is 19,15%. This could lead to the use of a considerable amount 
of macadamia to provide the required amount of carbon for reduction.  
 
Table 2. Chemical composition of the raw macadamia nutshells 
% MgO Al2O3 SiO2 CaO K2O SO3 Na2O LOI% 
Nutshells 0.01 0.07 0.20 0.08 0.09 0.04 
 
0.01 
 
99.50 
From Table 2 it is observed that silica, alumina as well as MgO are in low amounts. This shows that the 
basicity of the feed will not be impacted. Therefore we consider the basicity of the ore as the basicity of 
the feed.  
 
Figure 2b. Decomposed XRD pattern of figure 1/ part 2 
From Figure 2.b it is observed the presence of franklinite, pyrite, magnetite, fayalite, copper aluminate 
spinel, mgnesioferrite, copper oxide, hematite and jacobsite. 
Table 3 :  Chemical composition of the copper slag 
Comp Fe2O3 SiO2 CaO CuO Al2O3 MgO ZnO Co2O3 TiO2 SO3 Cr2O3 
%mass 31.3 30.7 17.7 3.0   6.1  4.8   1.9 1.2 1.1 0.3 0.2 
Table 3 provides the XRF results of the sample. It is observed that major components are silica, calcium 
oxide and iron oxide. Copper oxide is content is higher than cobalt and zinc. The rest are in small 
amounts.    
 
              3a With use of macadamia                                    3b With the use of graphite 
Figure 3. SEM-EDS analysis of products  
Figure 3 provides the SEM of the products when raw macadamia and carbon in form of graphite were 
used. From Figure 3 a and b it can be seen from the image that there seem to be a more better distinction 
between metal and slag when graphite was used whereas the miscibility of slag and metal is more 
pronounced when macadamia nutshells were used. However, the SEM revealed that an alloy containing 
iron and copper was produced as well as sulphides phases were present. The presence of sulphides is 
attributed to the matte that was entrapped during the taping of the slag in the reverberatory furnace.  
 
 
Figure 4a. XRD analysis of products using carbon 
 
 
Figure 4b. XRD analysis of products using raw macadamia nutshells 
From Figures 4.a and 4b it is observed that similar phases have formed in the slag. This is due to the 
fact the chemical composition of the macadamia did not influence the formation of extra phases than 
the bone formed with the use for graphite. The reason is that in the macadamia, volatile matters 
constituted more than 70% while the silica, alumina, magnesium oxide and calcium oxide were in a 
small amount that could not affect the chemical composition of the feed. The presence of sulphides 
phases that were found in the SEM analysis are here confirmed. However, the amount of alloy is not 
detected most probably due to its small amount that could not alloy its identification. 
From the two reductants used, it is clear that the raw macadamia nutshell has the potential to be used as 
a reductant. It was however noticed that the mass loss when raw macadamia nutshells were used was 
remarkable. That was attributed to the considerable amount of volatile matters that were present in the 
sample. 
 
3 Conclusion 
From the results obtained the following conclusions could be drowned: 
 
1) The miscibility of the alloy produced and the slag was more pronounced when macadamia 
nutshells were used than when graphite was used 
 
2) The phases present in the slag were similar when both reductants were used. This was 
attributed to the low content of SiO2, CaO and alumina in the macadamia nutshells 
 
3) The mass loss when macadamia nutshells were used was noticeable due to the considerable 
amounts of volatile matters 
4) The presence of an alloy produced was confirmed when macadamia nutshells were used. 
Therefore, macadamia nutshells have a good potential to be used in the slag cleaning process 
especially in the recycling of copper slag. 
5) It can also be drown that the raw macadamia nutshells present a great potential to be used in 
the slag cleaning industry. However, more parameters need to be investigated to improve the 
immiscibility of the two phases namely the slag and the metal. 
6) Also a possibility of studying the impact of the use a proportion of coke, anthracite or other 
conventional reductant and raw macadamia is here open to investigation for the improvement 
of the separation of the products 
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